Genes of the Sox family encode evolutionarily conserved HMG box containing transcription factors, which play key roles in various events of cell determination/differentiation during development. The total number of Sox genes in Drosophila melanogaster was estimated to be eight, after classical molecular cloning approaches and exhaustive screening of the complete Drosophila genome. Here we report the embryonic and larval expression pattern of four previously uncharacterized Sox genes, through antibody staining and in situ hybridization experiments. q
Results and discussion
Genes of the Sox family encode evolutionarily conserved transcription factors, containing a DNA binding domain, the HMG box, which shows more than 50% of amino acid similarity with that of the mammalian sex determining protein SRY. Up to 20 Sox genes have been characterized in mammals, leading to a recent classification of SOX proteins into 10 groups (from A to J) depending on their sequence homologies within the HMG motif (Bowles et al., 2000) . Sox genes show a large spectrum of spatial and temporal expression during embryogenesis and in adult tissues. Although their precise functions remain unclear, these genes seem to act as key players in the determination of early events during development (e.g. SRY in mammalian testicular determination, Sox17 in endoderm formation), and in the differentiation and proliferation of numerous cell types (e.g. Sox9 in the chondrocyte lineage) (for review, see Wegner, 1999) .
Analysis of the Berkeley Drosophila Genome Project (BDGP) sequences revealed the existence of eight Sox genes in Drosophila (Adams et al., 2000; Bowles et al., 2000) , while expression and functional data are only available for three of them: Sox B1 (also called SoxNeuro) (Crémazy et al., 2000) , Sox B2-1 (also called Dichaete and Fish-hook) (Nambu and Nambu, 1996; Russell et al., 1996) and Sox E (Loh and Russel, 2000) (see Table 1 ).
We analyzed the embryonic and larval expression pattern of five previously uncharacterized Sox genes -Sox B2-2, Sox B2-3, Sox C, Sox D and Sox F -by in situ hybridization, and larval expression of Sox B1 by immunostaining with affinity-purified antibodies.
Sox B1
Sox B1 was previously shown to be a pan-neuroectodermal marker during early embryogenesis (Crémazy et al., 2000) . In third instar larva, the protein is detected in the eye-antennal and leg imaginal discs, in numerous cells of the optic lobes and the central brain, and in cells that are likely to be thoracic and abdominal neuroblasts (Fig. 1C) . In the eye-antennal disc, SOX B1 expression is detected in the differentiated photoreceptor cells posterior to the morphogenetic furrow and in three stripes of cells in the antennal part of the disc that will give rise to the second and third antennal segments (Fig. 1A) . In the leg discs, three domains of expression are visible: few cells in the center of the disc and two lateral patches in the dorsal/posterior and ventral/ anterior quadrants (Fig. 1B) . The protein is also expressed in salivary glands (not shown). Finally, in all tissues examined (embryonic and larval), SOX B1 immunoreactivity was localized in nuclei.
Sox B2-2
Sox B2-2 expression is first detected in stage 11, in the hindgut primordium and in eight segmentally repeated patches of ectodermal cells and in cells in the anterior part (Bowles et al., 2000) , BDGP/Gadfly name (CG) and usual names described in previous publications. Fig. 1 . Expression pattern of Sox B1 and B2-2 during embryonic and larval development (A-C): Expression of Sox B1 in larval tissues, analyzed by immunostaining with affinity-purified anti-Sox B1 antibodies. Shown are staining in eye-antennal (A) and leg (B) imaginal discs, and in the brain (C) of third instar larva. Arrowheads in (A) point to a subset of Sox B1 expressing cells in the antennal part of the disc, and in (C) to the optic proliferation centers. (D-K): Sox B2-2 expression during development, analyzed by in situ hybridization using antisense DIG-labelled riboprobes. Sox B2-2 gene is expressed in a teardrop shape pattern in the leg imaginal disc (D), and in segmentally repeated ectodermal cells and the hindgut during embryogenesis. Shown are stage 11 (E) and 13 embryos (F, G). (G) is a dorsal view of a stage 13 embryo. (H-K) Co-localization with Sox B2-1 was analyzed in double staining experiments for Sox B2-1 with specific antibodies (brown) and Sox B2-2 by in situ hybridization (blue). Both genes are partially co-expressed in the hindgut during stages 11-13. Arrowheads in panel (K) delineate the domain of Sox B2-2 expression in the developing hindgut at stage 13. For all embryo images, anterior is to the left and posterior to the right. (Fig. 1E ). This pattern persists at similar levels up to stage 13 ( Fig. 1F-G) , and then the expression decays in these tissues until stage 16. Double staining with anti-SOX B2-1 antibodies (Fig. 1H-K) revealed that both genes were coexpressed in the developing hindgut, with the following differences: SoxB2-1 expression starts earlier around stage 8; both genes are only partially overlapping in their expression, with Sox B2-2 being expressed only in the two-third most posterior part of the hindgut, and at higher levels in the posterior part (see details in Fig. 1J-K) . In the larva, SoxB2-2 expression is mainly detected in the leg discs, in a teardrop-shaped pattern, with the exclusion of the dorsal/anterior quadrant (Fig. 1D ).
Sox B2-3
By using different probes encompassing various parts of the gene, we failed to detect any Sox B2-3 expression in embryo, larva and adult, neither by in situ hybridization nor by Northern blotting, suggesting that the gene is indeed not expressed and might be a pseudogene.
Sox C
Sox C is ubiquitously expressed during embryogenesis (not shown). In third instar larvae, the expression is restricted to the salivary glands ( Fig. 2A ) and the gut (not shown). No expression above the non-specific background was detected in larval imaginal discs.
Sox D
Sox D expression is detected at the end of embryogenesis at stages 16/17, in the brain and in a subset of cells in the ventral nerve cord (Fig. 2B,C) . Double staining with neuronal and glial specific markers suggested that these cells are likely to be of neuronal type (not shown). In third instar larvae, Sox D is expressed in the brain, in a zone located at the frontier between central brain and optic lobes (Fig.  2D) . No expression is detected in imaginal discs.
Sox F
Sox F is specifically expressed around embryonic stages 12/13, in a subset of cells associated with the developing peripheral nervous system (PNS), likely the socket cells of external sensory organs (Fig. 2E) . Expression in third instar larva is detected in leg imaginal discs, in the most proximal regions along the antero-posterior boundary (Fig. 2F) , and in the hinge of the wing disc (Fig. 2G) .
Expression patterns for all Sox genes are summarized in Table 1 . Of the four Drosophila group B Sox genes, three are expressed in the developing central nervous system (CNS), with some partial overlap. In vertebrates, group B Sox genes 1/2/3/14/21 were also shown to be sequentially expressed in the developing nervous system with partial overlapping (Wegner, 1999) . Additionally, mouse and chicken group B1 genes (Sox 1/2/3) are expressed in the developing eye and were shown to regulate the expression of the g-crystallin gene (Kamachi et al., 1998 and references therein) . That the Drosophila Sox B1 (this study) and B2-1 (Mukherje et al., 2000) genes are expressed in the eye imaginal disc again strongly argues for functional conservation. Drosophila Sox C is ubiquitously expressed during embryogenesis, as are its vertebrates counterparts, Sox 4, 11 and 22 (reviewed in Wegner, 1999) . Drosophila Sox D is expressed in the developing CNS, likely in neuronal cell types, in both embryo and larva. Vertebrates group D Sox genes (Sox 5 and Sox 6 in particular) are also expressed in the embryonic CNS, although one of their major site of expression are chondrocytes (reviewed in Wegner, 1999) . Finally, there is no correlation between the expression patterns of Drosophila Sox F and vertebrate Sox F group genes Sox 7/17/18. Together, these observations suggest that some aspects of Sox gene functions might have been conserved during evolution (e.g. CNS development). Drosophila might prove to be an excellent model to address these questions, once both specific loss of function and gain of function mutants will be available for all these genes.
Experimental procedures

Molecular techniques and database search
All molecular techniques were done using standard protocols (Sambrook et al., 1989) . Sox C and F were cloned by screening lFixII genomic library and embryonic or larval lgt10 cDNA libraries (purchased from Stratagene and Clontech) with polymerase chain reaction (PCR) products corresponding to their HMG box. Degenerate primers and protocol for the nested PCR reactions have been described previously (Crémazy et al., 1998) .
HMG box sequence for Sox D, Sox B2-2 and Sox B2-3 genes were extracted using BLAST 2.0 program, with default parameters using HMG box of Sox B1 as a probe. Each open reading frame (ORF) was reconstructed using the data from Flybase (Flybase, 1999) and the sequences from the BDGP (Adams et al., 2000) . Primers used for genomic PCR were AGAGTGTGGAACTCAGCT and TGCTGAA-GATGCCATATC for Sox D, CATGAAAGAACATCCC-GA and ATGATGTTTGGCGGACTG for Sox B2-3. PCR fragments were further cloned into PCRTopo (Invitrogen) for RNA probe synthesis. For Sox B2-2, we used EST GH7353 cloned into pOT2 vector (Invitrogen) as a template for probe synthesis.
Rabbit polyclonal antiSox B1 serum (Crémazy et al., 2000) was affinity-purified using bacterially produced Sox B1 protein immobilized on CnBr activated sepharose (Pharmacia) following manufacturer instructions.
In situ hybridization and immunostaining
For whole mount in situ hybridizations, embryos were fixed following standard protocol (Tautz and Pfeifle, 1989) . DIG-labeled RNA probes were synthesized from the different sources of Sox DNA (cDNA clones for Sox C and F, EST for Sox B2-2, or PCR fragment for Sox B2-3 and Sox D) using the DIG labeling system (Roche) following manufacturer instructions. In situ hybridization on larval tissues were done essentially following the same protocol, except that dissected larvae were fixed in 4% paraformaldehyde in PBS 1 0.1% Tween20. Antibody staining on larval tissues were done as described (Mukherje et al., 2000) , using affinity-purified anti SoxB1. For double staining on embryos, in situ hybridization with Sox B2-2 antisense probe was performed first, followed by incubation with rabbit anti Sox B2-1 polyclonal antibody (a gift of Dr J. Nambu). Detection of the immune staining was done with biotinylated anti rabbit (Amersham) and the Vectastain kit.
